Estimation of packing density of TCR-CD3 in clusters
We tried to estimated the maximum number of acceptors a CD3ζ-CliF molecule could transfer its energy to and the Förster radius at maximum FRET efficiency because these parameters can inform on the highest packing density of CD3ζ-CliF within TCR-CD3 clusters. Both theoretical and experimental studies of homo-FRET and hetero-FRET showed that the overall FRET efficiency depends on the number of acceptors surrounding excited donors within the cluster 4, 5, 6, 7, 8, 9 . For CliF, the excited donor can transfer energy to both its own acceptor and neighbouring acceptors. In the calculations below, we made the assumptions that energy transfer to its own acceptor via intramolecular FRET does not change with clustering and that the intermolecular transfer rate depends on the number of other CliF molecules within the cluster. We also made the assumption that only FRET and no other environmental factors influenced fluorescence lifetime values. The transfer efficiency of a cluster can then be described as (Equation 1) where k intra is the intramolecular transfer rate, k inter the intermolecular transfer rate, n the average number of molecules to which an excited donor can transfer energy and γ D is the donor lifetime in absence of acceptor. It is further assumed that each energy transfer occurs independently and that the distances between FRET pairs within the cluster are constant. Therefore, when the maximum number of acceptors occupies the area within the Förster radius of a central donor molecule, the addition of further molecules does not increase the FRET efficiency. Therefore, E cluster becomes E max for n> n max with both E max and n max being constant. By fitting this equation to the experimental data ( Supplementary Fig. 10b ), we obtained values for k intra = 0.036, k inter = 0.0198 and n max = 11. Based on the assumptions made, this means that there were 11 acceptor molecules within the Förster radius of each donor molecules inside the CD3ζ-CliF clusters. A previous study 7 suggested that the Förster radius R n of multiple acceptors is given by
The normal Förster radius R 0 between single Venus and single mCherry is 5.66 nm 10 . That would mean that in CD3ζ-CliF with 11 acceptors per donor molecules, the Förster radius R n = 8.4 nm for n = 11. Given that k inter /(1/γ D ) = (R n /R) 6 , we derived the minimal molecular distance between CD3ζ-CliF molecules as 13.45 nm. This equates to a molecular footprint of 142 nm 2 and a radius of 6.73 nm. Given that the footprint of the transmembrane domains of TCR-CD3 complex was reported to be ~45-55 Å 11 and 65 Å 12 , it is highly likely that at this density the cytosolic tails of CD3ζ and CD3ε are not attached to the plasma membrane so that this density reflects a signalling competent state of the TCR-CD3 complex.
We also estimated the relative density n of each cluster within an image (i.e. using the values for k intra and k inter values established above in Equation 1). To do so, we measured FRET efficiency with donor FLIM imaging due to its high sensitivity. Given that Equation (3) where γ is the donor lifetime in presence of acceptors, a calibrated FRET efficiency map was produced from the FLIM image ( Supplementary Fig. 10c, d , see Methods). Thus, the cluster density (i.e. the average number of acceptor molecules within the Förster radius R n = 8.4 nm) could be directly extracted from the FRET efficiency map as indicated by the highlighted clusters in Supplementary  Fig. 10c, d . When CD3ζ-CliF clusters in resting and activated conditions were compared, we found that the cluster density was higher under activating condition ( Supplementary Fig. 10e, f) . In resting T cells, CD3ζ-CliF had an average density of 7.6 ± 1.8 molecules per Förster radius, while in activated T cells, clusters had 9.0 ± 2.3 molecules per Förster radius (n=100 clusters, P<0.01). It was particularly noticeable that only activated T cells had CD3ζ-CliF clusters with n max ≥11 that were also observed in Ca 2+ -induced TCR clustering in the membrane lawns. However, these numbers however should be regarded with caution, given the assumptions made. (a) Intensity and photon-weighted and non-weighted FLIM images of a fixed COS-7 cell expressing Lck10-Venus. The dotted line indicates the region that was photobleached with 488 nm light at 60% above the initial intensity. Both the photon-weighted and non-weighted FLIM images did not display a change in Venus lifetime. Scale bar = 3 µm. FLIM images were colour coded from blue to red as indicated by the colour scale. (b, c) Emission spectrum of Lck10-Venus in COS-7 cells before and after photobleaching. The entire cell was photobleached with 488 nm light (60% above initial intensity). Venus was excited with 2-photon excitation at 800 nm and emission spectra collected over the range of 400-650 nm before (black symbols and curve) and after photobleaching (red symbols and curve). The normalized emission spectra in c indicate that there was no light-induced photoconversion of Venus. 
Supplementary Figure 4. Fitting of Venus lifetime decays in CY2PHR-

